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(57)Abstract: 

PROBLEM TO BE SOLVED: To appropriately control the 
actual floor reaction by detecting the actual floor 
reaction to calculate the moment around the center 
point, determining the amount of rotation to correct the 
target position and/or posture so that the position 
and/or posture of the leg part is rotated, and to displace 
the joint of a robot. 

SOLUTION: A two-foot walking robot 1 is provided with 
a joint on a leg part link 2. A six-axis force sensor 44 is 
mounted on a foot joint, the three- direction 
components of the force and the moment are measured, 
and presence/ absence of landing of a foot part and the 
floor reaction are detected. An inclination sensor 60 is 
installed on an upper body 24 to detect the inclination 
and the angular velocity. A rotary encoder to detect an 
amount of the rotation is provided on an electric motor 
for a joint. First and second arithmetic units are provided 
in a control unit 26, and the first arithmetic unit 
calculates the angular displacement command of the 
joint, and feeds it to a RAM. The second arithmetic unit reads the measured value to detect the 
command from the RAM, calculates the control value, and outputs it to the electric motor. The 
floor reaction can be appropriately controlled without generating the interference. 
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frn •;; h 1 ©iiia:^c{4g(c»i> g-C^^r-^ y^^GZi)^ 

[ 0 0 6 5 ] S 3 «$IJ®au:. -7 h 2 6 ©i$)M«:^-r ^-CJ 50 
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5. iE-Ctc*j(,»rM*4-fe>-9-6 0«ci'©m:;'3«A/D^ 
^7 0-C7*i?^-H/fiitc^m3n. *©ttl:^«>'f 7 2 
*/^C/rRAM7 4ic3^6n-5>. $/cSiiib^-$cc^ 
ffi L rgss 3 n i > 3 - i<'©tH;^« * -i? > 4^ 7 6 

LT R A M 7 4 flK A:'3 3 n-5 , 

[0 06 6] %m=L:^'j H*3K:«CPU*^e.^C-Smi . 
02©?lim^S8O. 8 2A5^t:f6nrfc«9. Ig l©?i 
#^g8 0«fS^©^n< . ROM8 4{C*Sfi^3nrt,^4 
*^if{cS-:J<<>rfia©Sn<Wg5ft^fi[f§'&«r©mo. R 
AM7 4{Cjg||±lf *fcl^2©jSl^gg8 2»RAM 

MS5©|gt!i{C'i:»SJ5:*l]'d!Pfii*mtHUrD/A^«SS8 6 

<!: -y- - rt< T > L r^MSs 5 mid* - 5* cc 
[006 7] c c -e. c©B^Ma*sJ;o'aSD-cffiffl-r 

m.^& -2 1 426 1-^) r-i^fflO/cS«(C'ot^ ) . 
[0068] r^^j w. niK y hX^{c*jl:f 

[0 06 9] SWfCti, UnMtCf'F 
fflT^«JS;'3^llnS¥mJS;'7<!:t^'5 (n : 1 S fc» 
2o «TPO) . :^«l«:f'Pffl^^3KS:»:?:^fiS;0/c«>© 

[0 070] S¥mJS:^7«fm*i-ec{c*>*>s:t>i:^3 

©*-y > htcj:or^^3n. HI— ©js^)5KJS:^(c*t 
or. a^©*i^^^*D-i±«MPEao*>-5>„ -?-©cptc». 
iSiSIAS to <3 ©^i5-?:l^ < ^ > h fS^^s 0 rA^ofp 

*5SlMti^b/cf^-r-5#Pa^6 - 7 9 6 5 7-^t?« 

[0 0 7 1 ] wimc. ±mm.M-s.im^.t^cK.i)^i)^h 

«. iBie«l*tof)©^55'5&l^< *-y>hfiS:9-AJ0-C*> 

[0072] ±ms:ti<Dmmm=s:mm±ms:t)ti,^^, 
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[0 07 3] i^. J^efbtcMn/cJc-^tc. a^ZMP (Ze 
no Moment Rsint ) «;JC© j; "5 fCSHSiaS, BPh. B 

mmm^ < 5^ - > «c i r ^^-r ^ tStt:^ i S:^©^:^ * 

^>h*^ iSia«l$*D«3©^^?r|^#0-e*S!te6«. 

@*gZ MP (Zero Moment PDlnt)<tt,^^o 

WK^i*6ns, OTwuta^rf*. mmh'pr<-ri>tc 

i6tc. @«ZMP<!:t,i^^SI4ffll»«.«^«>*S*s. «S lO 

[0074] &^w-m^<Dmnm=?:mm&s.w-m^ti 

[007 5] C C-C. CO^B^cDSSICOtirilUif -S) 

-c r > ;^Mtwr «m.*f >5:«I^^Stt*f#-5 c i am 20 

[0 0 7 6] -e<DP4Si,'#,*5fe©ig4 0 {C^-Tt^Mr-^HJ 

C©^->> h?:0{COJ;'5illlS.m*S4 3 30 

(c?K-r<fc5M:i5iite$-i*^. 

[0 07 7 ] Slr©[aIiE{c J: -^T, Ml 

^ZMP) S*DO©JI^J*JS:^^r-y > h3&5^ftT.S. 
C4t,«. MW3>:7*^ 'CT>X$IJ®I©SlJ®I»r-*.2>JI:^ 

[0 07 8]fie-pr. S1-:3>:7*7'<'T>;^»KJ:^ 

t. Sm±m^t)^'C-^r^, (e«ZMP) S*dO©^:^I5k 

s;>3*-^>hdso*^6-rti/cf). =fmK.j:imW}-p^ 

[007 9 ] -e-n*i%±-r **sfe©o<!:oi ur. mm 

3 > -f r >xti]ai <i:Slr=i > 7"^ -r T > xsij®©ffl 

c i {c J: o rT^L/ifeti J; -5 ec-r -5 c <t*i#^ ens 
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[0 08 0] */c, 04 3{C7n-rt^t?l3:. 
g^ori^-sflcafflsurc^i^cmj: 0 4>S0 «K4i&© 

[0 08 1 ] iit±©j;'5(c, sir3>7"-7-rr>;=^$i]® 
[0 08 2] mr,-c, m&<DBmf,mi>i^'&i,ci6i.^x 

BS:^5kJS;^*'1:v'^.S*>0©II:^)^S:'3^:-^> h 
S«#S¥)*S;'34''i:s"^.S*:>«3©^SS¥J«JS:^* 

[0 08 3] Sfc> *nKJ:or^e«jnc^*aO-?><S*4 

[ 0 0 8 4 ] ^4t*. c<Dmm<Dmmc%^m^^mti 

yi< y h ©*IJ®«g ( 3E <!: 0 r S 3 ©» 1 ©j|^»^g 8 0 
«T. 04*#ML.rc©Slg©^<*«RS*«ifSi 
[0 08 5] C©^g»^^^)SS*(i^. ^^^S 

«e«i$^?r^RSEL> w;>3Ts, mm<Dm 
[0 08 6 ] c<Dmm<Dmmicii\,^'c^^^!tmA^tiiti 

'C^s^M. @^ZMP(C-gc-r-5. 
[0 08 7] mbica^^y h 1 *S¥ti4i^tff -Si#© 

s*iatt/<^->©-m^-r. cticcMte-r-sg^z 

7fC7i^-r. C©^S©WPBl{CJ5SK:g|4b/cS$©S¥ 

1^. *§^^S©l**ffi«5tKasSLfc#IIB¥8 - 2 1 4 
2 6 i-^«:i¥ifflccj$'sp>nr(,iS©r. cnfc(±©SiB^ 

[ 0 0 8 8 ] a 4 ©IJiB^tCS-5 1 > C ©ilg{ia«J5RS 



15 



10 



tr. 

[0 08 9 ] S5{c?nt-J:^3&:*?S:«:^tLr. amiS 

^ 2 ) mm^i^mvit. mmm i s¥J*s;^«^''C^J±f« 
•rs. 

e«« 1 s.w-ms.t} = sm±m^ * ( mmm 2 s^^sj^jif'Cv'^.i @« z m 

2 = mm±w.mi * ( g«m 1 ^^m^-n^'i.^^.!:. @^ z m 
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[0090] cn6^fr?rj^is-r€>@^ii 1 s^ms;'3 

I^a. C©S-C«S* (MSi 18. 2 0 R ( L) ) *>e.JS 
^2 2R (L) '>-<DSiSta:85*€:M,#.<!:U. H 1 {CtkT 
J: ^ CCS^H5:^|Sj?rX!|i*©iE©[Sl#. S¥&:^l^«r YIA 

[0 09 1 ] m^Kfi^^mt. M(c. itraiwctj* 

[0092] ^XS;«:ffll»-C±f2©J: ^fcsssnfcs^ 
[0093] 



[0 094] COJ: ^ K:*A)feS^S¥«Jg^»iI^ 

(l#is^6 - 7 9 6 5 7#) (cia^^nriiS, 

[ 0 0 9 5 ] s 4 (Dmmmzy t , c (Dm.m.^mws:'^ 

^ J; r siMis^ii ^mwmmmL<^%±<.CT^m. s -t* 

[009 6] P4<-;; h©^^*ftWWCC$S{b$-t±-Sfc 

tf'Cs* o^zMP) ^fm-i^.i o-c^tflne^cc^^s-ti- 
iSii:«iS*5«3CDfiS^?r|^C>r^t?S>.5J5: 
*E>«. 'e©.^.*5fci*)-ca«ZMP<i:^.SJ:^«:iy-C4>M 50 



[0 09 8] ^>L/. PJP'-;' h 1 *5^:^0iJ(*t?&-5r. ^ 

^« 3 2 *J J;0'SS5it4f*: 3 4 ©/c*3^^CC J; -o D •?> 
f-^^<D(4a • ^^©«S!lWi&a«l«. litT©6 

[ 0 0 9 9 ] F 1 ) a^^J*JR:^*^D* <aszM 

K2) (@«ZMP) ^cfJ/Qxi 

F3) m^±i^m.ti^'^-!^. (aszMP) ^^.(j-t 

^- K4 ) mf^Wi^lftlSn 

K5) i^mm^ti 

[0100] C(DF*9r. ■=&- K4<t*- K5{i> S^© 
♦a«t#3 2fcJ:0*£^?ittft3 4«5?W:/7(^©aitt*5iiS 

t,^j:^tc*{f'p-r'e)©r, c©jgn«@«)r^i>^c< . ^^^f 
K:s«-rsg^»a i ^<!: 

[0101] »«54aaa©F*3. K3 i-t- K6« 
c©^|«K:iit«©Mig*WOjJci,>©-c. c©jD56©fl5,^, 
*sj;iy'ftajf •5ll2©|^©Jf5Sg-C»*- K 1 i*- K 
2 {C*t-rS$limi/i:W€:?f ^ C i iTS, F 1 <t^:- 
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5> h*i«®i-r'2>©-c. mmmtmisbxm^K i^. m3<D 
c 0 1 0 2 ] ^ - K 1 «r*i)ffli-r€>fc*<Dasf'pa«, mm. 

CO 1 0 3 ] 1^. mm-x<Dmmicn':>. su^. 

md (Sfl,<WSS^)5|5S:^74i-i:>.^. (BSZMP) 

Mctndx = - Kthxflerrx - Kvvx Cd0errx / dt) 
Mdnidv = - Kthy0 erry - Kwy (jid erry / dt) 
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±:*i 1^?: Z <!: . ^ 1 J£¥©smi[T©J*n±0!)ii6 

S«)<0if5. Sfc. Mdmd©X^i»?:Mdmd X. 

YsK^J-^Mdmd y. ZfS^^rMd m d z tteaj-TS. 

M) 0err ©XfiS^^eerrx, YfiJc:^-^ 0 errv> 
©B#raJS^ffl^:(d0errx / dt), (d0errv / dt)<btea 

CO 1 0 4 ] Mdmd x*i<fca'Md m d y «. e^U^li^X 



10 



iC2 



CC-C. Kthx. Kthy. K wxteiCJ^Kw y «. 

[0105] Ma5t-^«^3>7-7-1'T>;^ttf'F9iSg|5 

[0106] 04<7)iJiaj(cK^<t. c©Slg«SI#S^ 

[0107] ccdSISJJojK-^ h^fsJ^^T^JU (iS!+* 
[0108] C(DmMmim-C\i.^^^^-7j- ^ i;7.<Dm 

w-^M ■ mmMiM.) ^xt)L, -en6A^6 i 21@©mi5 
(1 OR (L) AjTi) ©MSp^iiJg^ (fji) ^ffffi-r 

[0109] C©^g«^{4=i> hn-^ (Bffl5U/cl| 

». ojK-:. hi^fsi^^T'il/ i'j^rllgtSS) 
r-»[H3ti/cMg5^fitg^ (fii) ^gufitii^ra^j^-y 
n © 1 2 momB<DmiiLii^m^mri>. so 



[0 110] c©SlgWB«iei8^3>:/7-fT>;^«if'f 

(D 2 oog^?: J; ^ i . aSS¥fi[g • 'S^m 
[0 1 1 1 ] P.t^"-:' hOfig • ^^SUPOfc* 

^ (^-^>hMdmd) tmrn^f^^tKO-^^iCig 

> h fiK^/iW^fflH^mS:^*- ^ > h M d m d (C 

[0112] ^3j<2 ) &^w-<Dmmm^mu-r^tcii) 
[0 1 1 3 ] ms.-r?>t. mmtm^mmjj^mm. 

[0114] ±ia?:Bu«i onm 1 ova- ■ h 
(fll^{fc:7n- • %#Mbt:c©^S©KifP 

^mm-r?>. i^. 0©^{cg[a-r-5i2iffi*tf^ii4*i 
a©tiBSs^*^^, 

[0115] 5fe-rs 1 o(c*j(,>ri?a*ww{bL/. s i 
-rvfuojA^asomscTicosrsn. HP%. ummM 

($5 Om s -C^-S 

[0116] M(-»rS 1 6{Cjt^■C^S©W»5#t>^) 

a. B|l%> 3S:f#W©^'3^t)»)a*^53!)^fiJ»rL.. ss$ 

r•stl^§-'^•^y-5^?:g:S■r^o Bi)fB©im<. i^S-'^ 
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[0117] s 2 2 (cii*. sn^^(Dmmm'S: 

cc-e r^^j «x. y. z^siosi-ti, risjftj 
c 0 1 1 8 ] ^t^T s 2 4 ^cjt^-ca»ssm]g;^* 

(c . L- fc @ ^'C^jif W©^ffiS|F^J t 

[01 19) iBSi»r s 2 6 {cji^rs«gs^mJg*4 

cnw@S)«JS;'355-iBS©SiB^rai'<fcKl * 
ffltr^ r ^ C <!: Ttf ^> o 

[0 1 20} ^tirS2 8{Cji*«^, H5iec.fci«M-fe>-t>- 
6 O^Ci'<Dm;t)*>^±«:2 40D««»ia:i'nd< -:» h 1 

[0 12 1] i^C»rS 3 04C3i^> aiH-;; h icDtfc^i^j: 

e.«^4S«^b-r 4 fc«t>© (a«{^iERJS:t»t>'Cv^. 20 
OSZMP) fflM^J5RS:^^-y> hMd 

mdx. Mdmd y^>}cJt)5» ±(*fflMj5^ 

3 n ;rc <!; '^m^^it>s:m h fc^ cc h« le u /c^ 2 

Mor1ifl|^J*Jg:b*--'<>hMdmdx. Mdmdy 

[ 0 1 2 2 ] Mi^r s 3 2 icji^•c-|ISS¥J*S;^?:t^ 

[0123] Mt-^r S 3 4 t,cm.^. MWfflfSft 0 d b V 
*$J:a«#S^{aft0 nx (y) 4^«-r6. cnw. 30 

[01241 zi-^y=7^r~^ x«i('p^gp©f'p 

iit^rSl UC^-r<fc-5{C||lS¥2 2R (L) tm2 
H¥2 2L (R) (C|ISJ£iP)*]S:^*if'PfflL-CCi.SttSi 

[0125] CC-C-^e/ h;l/F n a c t»|^nS^J*S 

:^(D-=e-y > hfiS^^«-r. '^i' hJUMn a c t©|S]:gr 40 

[0126] c©iarai©ss^j^s;^3(i. m 1 2 K:^^^•r 

■^i' hJUMs umr e f «Sitt?*a (^StcJ:»3. @ 
S Z M P « e^^JSS:^;* - ^ > h ©7K^:^[til^^*s 0 

[0127] cn^s 1 tcfie^r @«sjs^gRjs:^jcfj- 
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hibF n r e f Wg^»n£^J3^S:^©:t»fiS^;£:« 
■r, h;UMn r e f wa^llna^J*J5:t»©^- 
h^WMn r e f ©iSJlrcD^^KJ. 
Mn act i|5H$-C$>^. 

[0128] m.m(otc^, ±ft«i&*5M^5«can^^ 
[0129] 8?ra!o^^sft§ir(Si«»3Br«, zii¥^ y 

V 1 ©±f*MM{lll1^aiffl0 e r r X. 0 e r r yCcS 
-:Jl^rffl«±)*jS:^3-=e-^>hMdmd?:#tHr^, C 
<DSIifi©?^SgrWSSiei* ( Z Wi) * *? O b-> JgrSJitSP 

L^ct5©-C, ti{g±Si$S;'3*-y>hMdmd©ifiii:W 

3fftt:-rS?i«^)5R]S;>3*-y>hMdmd€r01 4K:7jx 

•r. 

[0130] «^4'«?t3-if.2./ce6{cw. 

ff'Cvi (a^ZMP) S*>9©II^]*JS^*-^>KD 

7}<¥)S:9'*, a^^*JS:t>*-^>l-Ms umr e f <!: 
WS(.±^fS.t}'b - y>f-Mdmd ©fOOTk^RK^fCiifit 

[0 13 1] -is, mm±m.m.ti^'t-^, {@«zmp) 

ri*g«±^JS:>3*-y> hMs um r e f ©7k¥:^l^ 
fi£^«0r*^, i«or. HMf*2E:&©«^M#?:a7n3 
iS-Sfc&K:^. S«ZMP$t>0©llifeJ5|cS:^J*-^> 
h ©*¥fiR^?: . M d m d ©*^fiK»{Ciitie 3 ^tUtB. 

[0132] c.<j:mm<fmmvz^'}xvm.^r2i^-f'7^ 

S*l) djH-:. h©^^M$4^SS^b*iJ'iai-r.5fc2?)CC. 

m^±m.mi^-t^^, < @« z m p ) * o ©ii^fR]5;»3 

*-^>h©*¥:^i^ (X, YWi\^) 

- y > h M d m d <Dyi^W-1i^f&^K.M£. 3 

S*2) SJS^©S«&tt?rFiS-rS/ces?){C, r'#-5*>tf 
[0133] flL.. ffira©aO , 1 ) <!:S^2 ) 

[0134] s¥©<aa • ^^©iSiE«. commo^i 

,^r-«^X©<J:'5Ktf -5, 
1 ) 1 ^^^Jxti^'i^^.Q 1 i Sffl«2 

f}<^'L^^.Q. 2 . A^07K¥Btffiieife¥ffi©&^-^ 
h^i'V^**^*. v©:A:*3»i i-rs. V%S15 

[0135] 2 ) S«m 1 S¥J3ii^i|i-C\*Q 1 ©Jl^ 
S«^)35ig:^ct>.C.,>fi (@«ZMP) ^(Hl^tf'WcS 
^'<i7 h;UVSt>OCC. *€>|51fKft0 d b v/cWIHIEj^ 
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[0 13 6] com^p^e dhv^mmmmPit^^^o 

Jt&^,*SQ 1 , Is^.-S^^Q 1 ' <0^^ hA'^^f h-»UQ 1 Q 
2' ?:^T. 

[0137] 3 ) a«ll 1 ^^tt^^r 10 

hJl-Q 1 Q r /a-t¥tf^Ki i\,3:t,i±rmm 

Q2' fdliW^mWj^m, ^Slif*©@««S¥*ia 1 

6 (c*iir-7f^-r„ 

C 0 1 3 8 ] 4 ) ;XCC. Smm I S^^Q 1 ' ?r*'C» 

mif*77ia]|4 (Xfi) $*:>«3 KHfsfte 1 X. 2£a* 
(SlW (Y«|) StoOJClHllgfte 1 yircl:f|5IK3-|*S. |g 
«|{C. a«^2S¥*B«^2S¥^Q2- ^^'C^fctff 

[0139] «±(DMfRWrf^fi*i®>^-CAj:;^n«. 

mm) «^*36^ct,», ccDcfc-^^cit^fci*, mmmi^m 

-&3I^KjS^j©^fb«<i:©ra©M<^». JWTfC^i^f ft 30 

[ 0 1 4 0 ] 1) 61 d b vmamr^L 

[0141] #142) llnS¥Xli«ftircit*Hlf'Pi/-r 

[0 142] !^i43) mmmf^ne dhv, ^s^xm 

[0 143] #i4l*iJ;0'!RH42«. cn^^fiftCPw:!* so 
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[0 I 4 4 ] a 1 8(i1S^3>^^-rT>XliJ|('pj^3P 
[0 145] mtftfSi. ffll«^^RJS;'3*-^> h^i2 

(Y) »«ft^Sg|5JCte(,>-CBM^©1i«fii0 d b v*jJ: 

0'6l nx (y) ^^^-T^. 
[0146] ;xcc. {*^3tifc&WS««(c»-:Jt,^riS 

[0147] &rfnm.-t^t. mm±mm.t>'^-^'^ v 

M-t-y > hMdmd d b, #£^ll-=e-^> hMd 
mdlx. y. Mdmd2x. yfC^iefS^ j^WffllK 
hMdmd d b». PWMfRft (S^±TS) 
e d b v^fS('p-r€.Ci{Cj;-,r@«^J*S:'3l]'C>.i^. 
(B«ZMP) i^f:><Oi<c^&^mfyUl<Dti^mH'^^'k 

-^>h©a^fiir*-5. 

[0148] iS§Wffl«^r-^> hMdmd d b©V77l^ 
St)i3©)?K53'*Mdmd d b vitaa-rSo 1^. '^i' h 

'^d? hJU^Ui-r-Si. MWM{t*-^> hMdmd d 
b©U:^|^j?£^lVIdmd d b u»0{ciS:^3n-&. 

d b v=l:aif¥t-C4>. )^S:^©u:ar|^a*-^ > 

[0149] (i©j|)Ste©ff5glr-«fflft^*]5;'3^"^> 

hMdmd©iSii::;^|fi]^^:*50^c©-C. Mdmddb© 
^■h^m^lA dmddbz4>0 fCgJ^S n-5, 

[0 150] lllS¥ffl(R*-^> hMdmd U*. |g 
lS^li«ft0 1x. 0 1 y^rf^f^-r^CiJCjc-ora 
«^ 1 JE¥J^;^«f 'Cv-^.* *>•) JC^*3#fc(,^*-^ > 
h-C*^o lllS¥ffl«*-^> hMdmd 1©X;j!c:5> 
^Mdmd 1 X, Y^^^Mdmd 1 y ilBili-r-So 1^ 
2JE^ffl«*-^>hMdmd2W. m2S^«ft0 
2x, 0 2 y^afP^-SC<!:{c4:-,-C@^^2S¥^S 
;'3*'i:\'±l$t)f)«C^i3-li/cC^^:-y > h-C*^. 112 

> hM d m d 2 ©XfiS^J^^M d m d 2 
X. YfiX^*Mdmd2yifa^-r-S. 

[0151] ^iB«. m«;X©cl:^{ctf -5. 
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Mdmddbv = Wdbx * Mdndx + Wdby * Mdndy 
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^3 



McftndDc 
Mchidly 
Mclnd2x 
McJmd2v 



Wlv * 
W2x * 
W2v * 



(Mcbndx - Wint 
(Mdmdv - Wint 
(Mdmdx - Wint 



Vx 
W 



(Mdrtidv - Wint * vy * 



^4dnddbv) 
Mdmddbv) 
Mdmddbv) 
Mdmddbv) 



S:4 



[0152] CCr. Wdbx. Wdby, Wlx, W 
1 y. W2 X, W2 yfccfcO'W i n iUmimM^^^ 

vo:>Yf&^(Dmv$>^^ c(Dtpv. wi n t^^. mmM 

«ft ^m^^^ c <t cc J: o r L /c^^S;^^ - m > 

[0 15 3] ^3 t^4(Dmn^m^'iy'>mm.±m^ti 

[0154] *ffB#(D^iBfflS^^Wd b X, Wd b 
y, Wlx. Wly, W2x. W2 y *5cfc2>'W i n t CD 

[0155] 1 ) mmmmnt^&w-mmm^^ 

[0156] ) M«lti{8ftfci:CK§S¥«m^ * 

Mcknddbv*Vx + Mdmdlx + Mdmd2x = Mdmdx 



7!^^. ?S^-<<fiS^«S:^^-^>hMdmd^ifiC^fa 
[0157] c<Dl^, a.iLm^mTmrj:aiKU(^it^cr: 

dbv. S-S^fflS-^e-y > hMdmd 1 , Mdmd2 

[0158] c(DiKuv{tmm±ms,ti^'C\'^. mmz 

mm±m^tf'^ - y>HVIdmd <D7k¥:^ r^IiS^CC 

^^sftf'p^^^gpccst-r^g^i ^«S"r^/cas?)^c. ) ^5 

[0159] 



Mchiddbv*Vv + Mchrdly + Mchid2v = Mctndy 



jK5 



^6 



[0 160] cn^c^3. ^A^iXA-r^t. ^5t3:SC^^30^7CC, ^6 (i^8 CC^^^n-So 

OftWbx * Mdmdx + Wdby * Mckndy)*Vx + Wlx * (Mdmdx - Wint * Vx * (Wdbx * 
Mdmdx + Wctoy * Mctndy)) + W2x * (Mctndx - Wint * \6c * 0*lbx * Mdmdx + 
Wdby * Mdmdy))= Mckndx 

• • -^7 

(Wdbx * Mdmdx + Wdby * Mdmdy)*^Vy + Wly * (Mdmdy - Wint * Vy * (Wdbx * 
Mdmdx + Wdby * Mdndy)) + W2y * (Mdndy - Wint * Vy * QlkSbx * Mdmdx + 
Wdby * Mdmdy)) = Mdmdy 

• • -^8 

[0161] Mdmd xiMdmdy3!)^f£.^(DfB*HXo ★^l 0. *Jj:2>'SCl I immt^m&rtlkimi^K 



Wint = 1 

WLx + W2x =1 
Wly + W2y =1 

[0162] ^tfB$r^iMdmd d b v^B^CCCrja^ 
m^mS.tf'^-^:^ h (O^^&^Md m d d b V tc»j^^ 



50 



• • -^9 

• • • S;i 0 
— •^11 

i^^ci^t^iar^^, 0 d b vcccfcor^ is^cDias 

[0 16 3]|Hl«tc. Mdmd2?:B^CCUrll2S¥ 

eRS:^^- ^ > h <Dmmmf>m d m d 2 ^c©'><-c;fjE-r 

02 2CDJ:^CCMW3tf^«80t^ 



25 

CO 1 6 4 3 m.r>X, ^5. SC6'&Si5Sr5J:^{C#fi 

CO 1 6 5 ] *tfB#©^}-ffiraa*^3^^3E«^-C*SS2 
0-C». W i n t«:0K:^S-r-5Ci«:j;o-C> 02 1 
(D^WDJC '> iC . MW^ifilft 0 dbv ^JSf'P U-C JI^IS 10 

?:t*ff L/ r :^JS^*ti -5 <fc ^ K u fc„ 
CO 1 6 6 ] ^fftP^^ccifc. ia2 ioj:^«:f^«-rs 

CO 1 6 7 ] Sfc, f^fflLrCi:^j:t^<t^(c{3:MWffl«ft 

m 2 ^wm»n ^mi'^ l -c fesi^ais:^^: - ^ > h 

CO 1 6 8 ] -^Sf?. il5«lffl«fte>d b v7jiW^fca!i< 
W^(clii< i^tctJMWIiafte d b v^m^icm^fj: 
c i tc J: o ri^^-r > KDlsa 

c 0 1 6 9 ] t^sE4cj:-:>r{*. nmmm.p^*sj^zj^&S:W- 30 

> h <OBmf}mm±m^tl'f:- y>hMdmdj:«3^>:^ 
CO 1 7 0 ] L/*iU. CCDJS^-Cfe. Mdmd*3C©|| 

Mdmd©:^t#3*i^il>ji-3rc^-c4>. —^e^icm 

^^^'^*D6^ct,»3!)>6-c^)S. 40 

C 0 1 7 1 ] a«,^,3 ) M)«lM«ftffl 

CD:9-iefflfi^^^^-C*)-SWd b X, W d b y ©,ie*tfii?r 

c 0 1 7 2 ] as* 4 ) s.w-ommii'&m^-ritcify 
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c 0 1 7 3 ] mmmmn^mi'^'r^cticj: 
m»n 'Srmi'^r s c <t tc j: ^ -cpm-c t ?>m±mm::t}^ 
c 0 1 7 4 ] e«ix.«. mmmmn 0 d b v ^jmcp-t c 

C 0 1 7 5 ] 0$ S #(DX i>A£WSit«A:>*i 

CO 1 7 6 ] m^<,:£. mmmm^^&mi'^-r^fciixD^m 

fi*Wd b X, Wd b yir^X<Dj:'><,cmm-r^o 
CO 1 7 7] XliS^d^Wd bx. Y^^*iWdby, Z 

Wd b iMdmd©l^««C^Cort,^5„ fifor. Mdm 

'^i' h;i/Wd b:^I^f5;^>:^<il:f^}fltHL'r. -i*h;UWd 
bO:^#3?:mDfc45©AS. SiS iCj:-5r*s!>6n.SM 
dmdd b vCftSiS^-S. 
CO 1 7 8 ] C©JS^©Mdmd d b v^02 StCi^ 

Jg;'3*-^> h©Wd b:Sr(Sj^^^$iJai-r-5 7 ^ - F>'^' 
mi'fl'Xi>m±m&:f3'f:-^> H©Wd b^I^DiK^tt^ 

C 0 1 7 9 ] s^^-c. te,tJ;^c»j#^i)i6L;rc«^fc«, 

Wd b:^[6]?:--si7 h;uv:)5'|Sj(C— i5c$-&53!)\ fS/tW* 

>hMdmd©Wd b:^f^)S^^, SS¥fflftfttcffi6 

Wd biV©(*jBI*U fCJ&SJc^fctJ^-rS, — SP^rS 
S¥ffl«ftiCffl6-t*;fcC»^j:6«. WdbiV©rt»*si 
J: 0 /h 3 < itc ■5 J: ^' «c ^S-r 5 , 
CO 1 8 0 ] iC-S-C. S¥©lt*i*5*^i-»lt^K:«> ■& 

^mm 5 c i cc J: o -c^^ Lffs uss^ 

J5RS:;'3^-^>h©X^^3-{3:/h3<iSS. c©i©^ic 
«. Wd b x<&;*:f?fi{)Cca:S^5. Wd b:^[6it'^i' h 

CO 1 8 1 ] WWffliRft^€S|J{c-:>t^-CM(ci¥gi-rs 



(IS) 



27 



[0 1 8 2] mzA^^MLxi^m-r^t. smmis: 
w-m^<^'0'!^.Q 1 icim-r^F i a c t jimmmzs.^ 

Mflf2act = PQl»Flact + PQ2*F2act 

C C -e. P Q 1 P . ji^-SdSQ 1 <D^ e» h P 

Q 2 P . if^.-S^lQ 2 ©-^ h ;U-C* 555 
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* ¥eRJK:^*'i:^iSQ 2 {Cfpfflt-'S F 2 a c t *^ e^^jR 
]S:^4>'Cs*PO$t>0K:«^3-»±4*-^> HMf i f 
2 a c t -X^tcj: 0:*««>.5. 
[0183] 

• • • s:i 2 

»(• (0 184]$fc. 3;i 2©f^to*){C> ;XSC*ffl(,»T€> 



Mflf=2act = PQl»Flact + PQ2»F2act+ Mlact+ M2act 



S;i 2 a 



J5|cJg;^j*-y> hMn a c 1 5r#tH-r-5>^(c?Crjr(,^ 

Mflf2act:v = Mflf2act • V 
[0186] -XliC. Mf 1 f 2 a c t vSrU-Ji^v ^ 
Jl'^icmi'XM flf2actvfi it 
[0187] MWffl«*-^> hV:)^|tl)jK5>Md 

md d b v^m&(my -f Ji/i^fcjiL. -en?:, M f l f 

2 a e t V f i 1 t*>€.«i;. (g^-t-y > h V:^|6l^ 

^}-Md i f f v?:f#§, 
[0 1 8 8 ] i^a. mm.my -Ol^^t. Mdmd d b vA^ 

[0189] S¥«*a^1«A^£©^ff$CCj:SMIWl 

0 ffdbv = -a *Mctnddbv 

[0192] Sf*Cc;X^(c J; rMWffifSft 6* d b v 
0 dbv = Kdb * Mdiffv+ d ffdbv 
[0193] mnS^ffl«ft^^SPtcoi,>rKiB^t-i 

i . H 2 5 «^©cfJCDm 1 S:W-xmm.fi^M^<Dmm!i& 

[0 194] »lJS¥j*JS:>3*-y>hXES^Ml a c 
t x^^-/^•;^7 ^ JUifKilbrMl a c t f i I t x 
*ff^>. IPriS¥tiit*-y> hXfiXiJ-Mdmd 1 
ffl<Sffl7 ^ )ViiicmU, -en?:. M 1 a c t f i 1 t x 

A^62fSD> e^^-y > HMd i f f 1 x^m?>, mm 
mmn^mtmrn. Mdmdix*^ 

0 fflx= - alx*Mchiddbv 

CC-Cor 1 xW^S©^l^-C*^„ 
[0198] ^J^CC^XSCK^fc-ar^ 1 £TX4««ft 0 1 5« 
0 IX = Klx * Mdifflx-I- e fflx 



★ [0185] XdC, Mflf2act©-^i7 hJUV:/3(S) 
10 JSS^Mf 1 f 2 a c t v^JftWrS. CtlU. -<i> V 

• • -SCI 3 

iiimmmBmm.ne f f d b v^^jcj?)^, cn». t,^*? 

[0190] *{*e^(c», MWfflH^-y > ^v:^^l^iI)^£ 
53-Mdmd d b v tmmt<Dm^^m-rmi::i>^^ 

t smm 2 s.^mK:h'p'C\-^.Q 2 ^^m^u^oym^p^s. 

f f d b V t-rntf^tJ, 

[0191] mmmm^mmMe f tab v». 



• • -^14 

• • -5:1 5 

[0195] -xic, mmmmnmrntmrn. s-w-^mm 
[0196] M(*e<){c«, »is™«*->> hv^r 

|Si^:»^Mdmd 1 x <!:^Si©ra«^%^r««3>7' 

40 -enw^tt^sisufc^)©?:^ 1 s¥xa«i^^ti«ft 
0 f f 1 xi-rntfMo. 

( 0 1 9 7 ] » 1 S¥X*S^^ff$««ft 0 f f 1 x«. 
•••^16 

^x^m?>, ccvKi xammif-ovi}*). mm. c 

• • • s;i 7 

[0 1 9 9 ] a 1 8t,cmr,xmm^mi-f^t, mjEsm 
so &mm • mmnmmt. mmm(8.nedbv. mis. 



(16) 
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w-xmtRp^e 1 X. mis.w-Ymm.nd i y. mzs-w- 
xmmnezx. m2 s-w-Ymistne 2 yicmn^. m 

[020 0] w^m^mmw-tiimt. sfiiss¥)*s:t»{c 

[020 1 ] ««l^?^?ilRA«) fftiEe^S¥(4g • 
[ 0 2 0 2 1 . 02 6 CCTH-r J: -5 Jt^«l^?f5a7!)i 

20 

[020 3] mmmimmit. Ui2mm3 2 ^s^mmiSc.' 

CO 2 0 4] ±3i^mmtuxm 1 o^a - • 5^-^- h 
<ommticmi>t. pfia©iD<. s3 4(c*si,ir±isL/fc 

( 0 2 0 5 ] 0 2 8 W-e©f^^=Sr^t-9-r^;U-5^> • 7 
D- • J-i"- h-C*-2>. 30 

[0 20 6] PIS*#MOrSil3-r.5i. 5fers 100 
(cfc-lirMIBLfc-^i' hJUV^^i*. S 1 0 2icmA,V 

mimmiff^m^m2 0iC7n-rj:'yicm^o. iHumM 

3 *i J; O'^ 4 J; o r Mll^^JS;'3* - > > h M d m d 
*MWffl«-t-^> hMdmd d h v t^S.^mm^e- 
hMdmd n X (y) fC^ieU, S106^Cji^-C 

fEa©*p < mmwfstn eahv s i o s k-ma, 

v^sw-mmnenx (y) ^^^-s, 

[0207] y^t^riai 07P- • ^^i'- KOS36JC 40 

mo. s 3 8{CJi^•c^^s^^4g • ^^^Mis^e d 
bv, e»nx (y) {cc&ori^iEL. Mfccn^^ts^ 

[0 20 8] ;Xc^rs4 0icjii?^, ±f*(4a • «^<bts 
(fit) *Sai L . S 4 2 fc jl^■C|IM6e^fic*mHi ^ n 
B#^J?: A t Jgff O . S 1 4 {CM -> T ±IBCDi8ia€ri^ 0 iM 50 
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f. 

[0209] C©||SS©J^®«±5B©iP< mfSi.btc<D 

[0210] EP^. c<Dmm<Difimicm?,^mt. ^ic 

^ 5 - 3 0 5 5 8 4 ^ii>$8-etilg L. fcSlr =1 > ^ T 

tUffiJ-ci*. sirs /c»je/£©S«,'=&/j: i ©s^ccg 
[0211] C©*S*. II^J3cJS:^<!:II^J£¥J5RS:t;*5 

15 i ^ c i < , ■nw,<<^wm-t s c <t j!>5 pjti 

[0212] MJCtJ. a;}^ -;; h Kfpfflf ^.^JS;*]. J: D 

M»w^c«a^:^)^s:'3t^I.c^..s (@^zmp) st^o© 
[0213] se-pr. A^fl<j)5:^feO-^M*4/'cwr-!S 

[0214] w^tboTi?-;. h©^^$5e{t*friap 

«iftWIS?:(ailS-rSCt*5r^, W^ig^l&n*:':' h©« 
3!>st?f?S. Mtc. WSCi^aiinjJ^f h©r f 9^*3:-3'© 
[0215] t fc. i^M^5 - 3 0 5 5 8 6#^ffir|i 

¥«S:^©^:'3) ©@M^J3^5:^*'C^'^. o^zmp) 
^too©*-^>h^5^^^aio, -e-©fii*^Msut^fii 

^JS*©rt©*-p< > hR!c^*l^c^fcifejl;>3^^©^)jS 
«:^J5kJS;'3 *'C\-^. (a^ZMP) Sto»3 {C('pffl-r .5 

fliiai-r S J: -5 (c^MLfc <|SS. c©.*«3fe{i:tyebfc$ll 



C17) 



31 



[0217] m2commmmic%^^mm^mi'?^ 

Zl = -H^FQl *e dbv 

22 = U^PCd OSS "edbv 

fat-, cc-c. ed b vtctjsci 5r**6n*ffl*R 

At"^, 10 

c 0 2 1 8 ] 1^. "^(Dmoymmt, m i ©ussofj.^^i 

a^ciE.^ct», m2<Dmmo:>jfmicig\,>xi,t. ±Mi(Dpa< 
[0 2 1 9 3 m30itC<D^miC^.^m^^m\:i^^y h 

[0 22 0] ll30llMOff5,^Kt5t,^r«. M^m^t) 

H?ISL.fcZlifiS;bf)@WI5Ite}l«i{c«aog-r^SISS 
[0 22 1] HSOjIiScDJKSlKabo-Ctt. 

[0 22 2] mso'^mmuxmrn-r^t. msomm 
<Dmm!>a^.^mmici6i.>xit^-r. aTfsy h i©±^2 

4<DJSfi:{iigiC3-U- H2>1M 0 O^glW^iifc 30 

jltT:^isi^«i^-r?. SBfeg • • :^fsi«i^s i o 2 
*<i^*J:^tci/fc„ 3-u- H2>1M 0 0«, 

Mctndz =-Kthzeerrz- Wmz (dSerrz / 

CCr. 0 e r r z »:^[Sl©-rn. d0errz/dt 

tC0errz. h*7n-r„ C©0©t^;ffi,-CW. 0 e r r z , 
h«iE-C*S. Sfc. Kthz. K w z iO'K h z » 40 

[0 22 7] HljiBb/cia< . a^K-./ h 1 A5^^^f t^trt^.s 

i ^ . S^© fe^^S 3 2 3 4 ©*a D nS* 

ttici.-jt -;. h l©JSiEfA$t)0©tftt:^*->> htcj: 

or. ±«:2 4*JiSit«is*>»jK:aigjg»-rs, cn% 

z«is*5«3H«iis}isijii¥A„ ^©Sisticci-^r. n 
sj£^j*JS:t?-t - ^ > h © z ^^^sistt-r -5 , ut^-vV 

ms:^*-^ > h <»:±iBJiSt)©fn(C)&:^<. 
[022 8 ] ±.tm&(Omm^TSL±iCtj:i>t . HJE^I* 50 
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». miQicynVfc^mv^RX, 0 2 9 (Cn^T J: ^ cc. 
S¥iSia:^i^^ifti)SZ 1 <b»2S^&i£:^i^i^iltifiZ 2 



• • -Ki 8 

/cm^?:ttl;'3-rS, l^S. X, Y||f|**D«3©|5IfKft3lJS 
f«l4-fe>1^6 0©a;>3Jca-:Jl^T»tHrs. 

[0 22 3] g Bffig • • fj^tmrn 1 0 2 «. a 

ffiS^ailS fc«|IMEp||{c»-ifi,»r-^BM©««fe(4S 
iifctc. H2>-!f 1 0 o©^fcHjii*ai3--r-S)C 

[0 22 4] 3 6{C. cn6©t»$8iCS-:5#. f^vKl/ 
Ji^ffl©ieM*5^t5[t- ^Mi^*^* ■5©r-. * ^ 7 
j||^fiicfcO^'5:t^fii<!:^=cS©t?, M#442>-y-6 o©m:^) 

icj;-,r3-u- ht^aifa^tiiE-r€)©A5a$oc». 

[022 5] ll3©||«fe©5^^i{C^€,S|g*03 I 7 a 

- • 5^ + - h*#ML>riJigg-r.2><!:. S10*>e.S3 0 

^-cji^i^c^S. S3 0 a(ctit,»r. «iS3nitad<y h 
i©fag*jj:ovs/c«:^[6i©-rticcs-:Jt?. ^©rn 

d m d z ?:3}tiit)-S>„ 

[0 226] tiT. 032 (c^-r,tiss{cfa-3 -c^tf-r -5 

h©Z(S:»Mdmd z^r^feS^ffilfliJiL/r^XSC 
dt)- Khzh 

• • • S; 1 9 

J^*-y > h©f-i'fig*5)g}g©fig|?;S:ex.. -e©^ 

0. z«is*3«3@flr0lKjg«)*w*ij-r-5./cw-c4>. 

[0 2 2 9 ] mccZ«rSto«3a^[Hl3S«i«)*}£P*IJ-r 

^/i:w^ce.«. 3"U-h©-rn (:^f^-rn©B#pr^5> 

fit) /cWA>e,li«^J*S:t»*-^:^ h©Zfi£^9-Mdmd 
z%^-m«m^. B|J%. SCI 9{C43t,ir. Kwzfei 

5l-©igs§^«$u®y 0 KK^Tntfmc^o 
[0230] ifc. Ii3©ifeste©fl5^{c*jiirtt. 1®^ 

ft(*fl<3CCtt. J^^^S;'3i||gS^J5R]S:^)©ZI4$toi3 
hfiS^^rSICf-rS/ci*. S¥2 2R (L) ©14 
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/c, 1fi^3>:/^-fT>>^!ftfP9iSSP»> CODIFIES?: 

[0 2 3 1] '^(D^^ijmm'<i,mic, iiirasn-stt 

[0 23 2] ±)5RS:^<!:§S^)*iS:'3®Z«|$toO*- 

ii^iE@S§S2p^JS:'34''C\* (01 6 ©Q 10 

r . Q2' ) {c^Ptu-cyc©<fc^^c«tiE*]!ni^sci{c 

[0 23 3 ] 1 ) miEmmm i s^JScjg^ttJ'Cv^. o i 
6<DQ 1 • ) (omm^. sm±m^{m!^. o^zm 

P) *[h1Ik4>'C<CC, Z#^t>9K, * -SIBlteft e d b z 
/cWliliEi^Sft (rotete) f .S. ^«jOfcf^©,-S*Q 1 " 

[0 2 34 ] iHlfigfc. g«m2S¥^S;'3ct3.c.>.-=& (m 1 
6<DQ2' ) ©ffig^:. @^^mjS;^}^m'^. (S«ZM 
P) *@fKt*i'C»{C. ZWS*30fc, *-5)|5Ifeft0 d b z 20 
tciiM^^m (rotete) "TSo ^K) L /cf«0.-^,^ Q 2 " 
i-r-S. CCDM^ne db zi. Z«iSt>9ffiWli«ft 

[0235] J&.-SjJiQ 1 • *»j#.*SQ 1 •• (D-^i/ h iU^-^ 
^ h;UQ 1 • Q r" i^^. PllitC. ?&.-^.*5Q2 • ^f^. 
*SQ2" CO'^i' hJl'^'^i' h;l'Q2' Q2" i-r-S. S 
3 3 {C±:^*i6Sft:Q 1" <b Q 2 " ^^-T, 

[0 2 36] 3 ) mm.mmm i mmi,m^-r 
(c. h juQ 1 • Q 1 " ?ci:f¥tT^i!j$-B-^„ mm 
ic. mjEmmm2s.¥^. mmt^^-nc -^^ hjuq 30 

2' Q2" yi:t:fTtf^«i$-li-.S, ^«»f^©«liEB«SS 
^*I13 3{c*,^-en^-r, 

[0 23 7 ] 4 ) ;x«c. 3 > vmhtitcmiEmWim 1 a 
^?rQi" ^:«'l:^tc, isa^^isiWi (z«i) **D»){ci5iig 
fte 1 z/cwmiES-a-s, isi^fc. 3) t?f#6nfc<siE 
@^m2S^^Q2" ^t^3-c^«:. JSit:5^|S]fi (ZIA) s 

nS¥Z?««ftiP¥^, |51igf^©ii5iES«ll#S¥4H3 

4{C>fc^-C^S^„ 

[0 2 3 8] fci±©fflll«j['Pfi*S3tA-C%Wtl«. mm. 40 

[0 2 3 9] #141) Z«S*DOMWffi«ft0 d b z?c 

©i^. iiiEBS§S¥ll*JS;'3't>'C\"^.*t>0©SS§S 
[0 24 0] iit142) llnJg^Zt««ftfc-l:r*«lf'PL.-C 

'C^j^Mmr^mmn &w-m^ti<D^ - ^ > h © z wss so 
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[0 24 1] #143 ) MWSBIRft 0 d b z . #S¥Xffl 
{tft. &JE¥Yffl11ft. Ztt$*3f)MI«lffl«ft0 d b z 
*$iO'SS^Z»««^*pJB#K:filf'p-r-2.<!:. *&JS^)3? 

s©fn(cife^ (^■^■rn«, ,fg0M^A5pifigcc)^c-2>) . 
[0 24 2 ] #i±i*sj:c>'#tt2«. cn6©aimc!* 

[0 24 3 ] l':^±©«»mc*3l:rs Z«|**DOMIWfflmft 
0dbzteJ;O'#S^ZIifilft?:. m-^^^y'^y^r^ 

[ 0 2 4 4 ] S 3 5 {CII3 ©||SS©ff?fil©«-^=» >7*-7 
-1'T>XgB©i!tS7'a i70;&^-r„ H^J^©$B< , ^- 

> > h z fS.^mmii'^^M^ 1 0 4 ^iitti L fco 033 
(c-e©*-^> h zf^.^i-mmii'^^^ 1 0 4©i¥iffl4 

JWT. c©i6ttiai^5-*4''C>«ciJiD^-r5o 
[ 0 2 4 5 ] 0 3 6 {c^n-rSP< . C©ZfiS^ffl«*-y 
>h^g|Jl 0 4{Cfct,>r». h 
^geS©tH:'3*>6> WWffl1I*-^> hMdmd d b© 
ZfiR^J'Mdmd b z i&S^?i(i^-^> hMdmd 1 
z. Mdmd2 z5ri*^-r-5i^t(C> ||#J£^6KJS;^i 
^123n/t:IB«*-y > h Z^:» (Mdmd d b z, M 
dmdn z ) J^ciA^P,. Z#* toOMWMffift 0 d b 
z. lll£¥Zti«;ft0 1 z*5j:O'^2J£¥Ztf«A0 

2z*^3e-rs, (cn«ia3 8 70- • 5^+- ht?s 

3 4 a©®atCtBS-r-5>) , 

[0 24 6 ] fliiES«S¥fiS:^S^S[digi5-C«. ZttS 

[0 247 ] i':Ji.Ti'cmmmm(omm^mm-r^. 
[0 24 8] m3 7^^mb-cmm±m&t>^--^>h 

©^ECCot»rsftW-r*i. Mfil^*iS;t»*-^>h^ 

dmdz^, mf&m^f:-^y [-Mdmd d h<DZm^ 
Mdmddbz. Ml S^tiH^-^ > h M d m d 1 © 
ZfiS^5-Mdmd I z. »2ja^ffl«*-y > KMdmd 
2©ZfiS^5'Mdmd 2 z. K^a^ie-rssiiffi^iiDSnisn 

[0 24 9 ] j^S. M«lffl«*-^>h©ZfiS^Mdmd 

dbzl*. MWffl«ft6» d b z ^^f'p-rSCiJCJc-^r 
OS Z M P ) $io<0 tc#S^)5KJS 
:^©;'3fiK:S-Fn a c t^^fp^-t-^^ h©Z)lS^^©aii 
1ii-C*5, 

[0 25 0 ] »lS¥ffl«*-^> \-(DZlS.^M 

dmd 1 z«. miS.WmmMe 1 z ^rSlf'^-r-SCiK: 

^r-^> h ZeK^ (0 3 4 {CM 1 Vrn-T) V$>?>. |5l« 
{C. m2JE^«*->> h©ZfiS»Mdmd2«. » 



(19) 



3S 



Mctnddbz =WdbzX Mckndz 
Mdndlz =Wlz X Mckndz 
Mctnd2z =W2z X Mdndz 

Ccr. Wdbz, Wlz, W2 z«^tf8#<D:9-iefflS 5« 
*^^T* S„ -ecD^iefflfi^^^W d b z . Wlz. 

C 0 2 5 2 ] am,-^. 1 ) M)Wlffi«fti§S¥ffl®ft*5;p 

(0 2 5 3 } ffi;^.-g2 ) ZW$*3«3MWM«ftfcJ:0'S 

KDZ)?S^Mdmd zfciatifiiCc^cScfc^fC, :»12ffla5« 
VWbz+ W1Z+ W2z= 1 

1^, ^wrw. ^2 1 <DS2A5 1 {cawn«+^t?* 
[0 25 6 ] ) MWs^jjj^ti-rsB^.-^.-ezwi 

**D0M)Bl1illft9dbz*i0-C^cCJi. JS^«i(&ag 

*) 0 M«iffl«ftffl<D^iefflSi5^^|gtW b z «r 0 {Cf 

[0 25 7 ] &M^A ) i®)«is¥*^«»-r ^B#.c^.t?-e© 
S¥©Zffl«ft*so-C^ct^i. JE¥«mi^iIt*^gm# 30 

mnmo^mmmi^mmf i z * o o . mz 

2 z ^OJCTScDA^aS Ll>o 

[0 2 5 8 ] Sit, zm$i:>K>mmmm.ne dh z<Dm 

». MJWHifRft 0 d b V i m^<OrJV::fV XA(C J: r 

MWfflSI^ 0 d b z *^^^*fiao @ 
2 4 ©V * Z teat 5 C i CC J: o rffS C <!: *s-C# 

So 

[0 25 9] 3 etc, iiis¥ffl«fii6i 1 z . mzs^w- 
mmne 2 zo^ssas^iiisnsns, ^ns^zam 

^nS^ZIS^fte n z ^rSiS-rSMS^r/a y i^H 
«. S2 5©X<&ZtC. 1 *n«:g#g|;*.SC<i:K:J;-5 50 
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03 4iCM2-CiT^-r) r^-So 

[0 25 1 ] i»Be«. m«. ;x^:^rfflt^-c?f>. 



• • -^520 

i^f^lStWdbz. Wlz. W2z*i?iS-rS. 
[0 2 5 4 ] iSAZ:B#i5:i©j:^CC, h 
©ZRR^a-Mdmdd b z. > h ZfiX^J- 

Mdmd 1 z. Mdmd2 z*,$,||{Cj|SJS^J^S*iC 

i., BP^. Sm±m^t)^'CK'^. O^ZMP) ti:><0<D 
mi©iyS®ffJ,^,-C5E'<fclS^3>7'5W'T>;^«l 
[0 25 5] 

• • • se2 1 

[0 26 0 ] ±ieC//c, ^3 1 ®S 3 4 a V-i7iotl?>m 
iM©-9-:?';U-5^>5r, 03 9©S 2 0 O^St-^LS 2 0 6 

[0 26 1 ] ±ie(ca-^c^-c. fiSiEeSJS¥(4g5g^fiC 

ai(ia3i7P--?-fr-h©s 3 8(c+a^) tcfcti 

r. MWMilfted b V, ZWStjOMWffliHfte d b 

z. mi^¥xffl««0 1 X. mis^^ymfKne i 
y. mi^^zmmne I z. mzs-w-xmrnnez 

X, ^2^^Yfifi««e2y. m2JS^Zffl«ft0 2z 
Hfia?©Z#*t>«3fii«t!if'P*il*nL;fc«^3 

[0262] m3©jisg©f$«g»±fe©ftp< , m±m^ 

ttiJc^H-r -sn^H^i^s;^*- ^ > h © z ^^©miB) 
[0 26 3 ] § 6{c{*. 032 ic9ikLtcm^mmmmfj: 

[0 264] |S5. »3©||lSS©0®(C*Jt>t:. 

h -fe>-9- 1 0 0 . g B(4g • '^m • :^ri^«i^s 1 0 2 & 

Jg;'3*-y>h©Z fiSfJ-M d m d z «-?-©a^ 
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[0 2 6 5] miu^^ Lm3a^mm<Dfm-cit±Mz<opa 

<. ^i>^C < <!: *>S^ (±f*2 4) i, B?fa«(*{cmi© 
MSjdO. 12. 1 4R (L) ) ?:/rL-c»*s?n-5 
i^tCC. ■e©$t^iC||2©Mg5 (18, 20R <L) ) 
*:A-b-cai*S$n-5SSI5 (S¥2 2R (L) ) 
^S5t* (2*) ©WgC (WgP';>i/2) *>6!i?>)!ai^i^ 

os±<*fitg • asjs^ag • mm) t . mria lo 

mm±m^4''i>!k (=@«zmp) > ^^^c< 

1 *>^tf Huiao ^'^h (D^^^^m- i>^^^^m 

S I 0 S 2 2 ) , BuiB^RSS nfc^ 

s©:^j5i5js;'3=&mrtessiJo-en'encc»geufc<!: t(Dm 

mm^m (mmm^t)^mm. S2 4. S2 6) . mis 

mmmj^tii^^ ( e ¥i;^-fe 4 4 . m&m.w-ms:f3 20 
^w^. s 3 2 ) . m^itkm^tifcmmiM.Mmimm 

h (^nS¥i*S:^*--^> hMa c t X. y. z) 

t^rHuiasas^riHies-a-siafES (MWMUfte d b 

V. z. ®nS¥t««A0nx. y. z) 4i?t^-r-5S 

5 3 2*^63 3 4. S34a, M»ffl«^i*^gP. 
S¥ffl«ft9tSS|3. S 1 0 0*^6S 1 0 8fcJ:(y-'S2 0 

0 A> e> s 2 0 6 ) > B«tajJiS5 n/csgpiiSKaccs-:}!,^ 30 
rBSriBjagpoesfc J: o'/S fc«^AS|oiis-r J: ^ {c 

«l&»iE*K (a^3>7-7-^r>^Sbf'pyiSSl5. S3 

8 . s 4 0 . <»iESfiis^fiig • ^mmm . *j<t 

yii-j h(Dmi*sJ::^m2<DmB (I 0, 12. 14, 1 
8. 2 0R (L) > ^^HSmmB^ii^m (^yf^ y 

S40, S42) *(ix.^.J:-5tctgfiXLfc, 
[0 26 6] Sit. d>J^j:< t4>S<* (±(*2 4) <t. 8u 40 
iaS»K:0 1 ©Mg5 ( 1 0 . 12. 14R(L))*:/|- 
L-Cja^Sn-SiStC. ^©5fe^K:m2©ffltp (18. 

2 OR (L) ) ^/M^-CiiMSnSSgP (JE^2 2R 

(L) ) ^ii^fcai^* (2*) ©was (iwgpy^i/ 
m^^tsmm^<i''-> (g«±(*(sis-«i&. 

«ZMP) ) *^i>&< i*>^tJBUiao^f KD^^i&tfe 50 
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fi5E-r-5^?§^#® {^^^S. S 1 0*>6S 2 

2) . mMz^snTci^^<D±mm:fi^mii^^(o^h. 
■en cct^ig 0 i # ©Biriassi5±(Df^ffl"*>,cv,>i&;^c s a« 
Sg|5^S;'3't>'i:v'S (g^S¥^K)S;^)*'D.-^.) ?r^-r 

s 2 4 ) . SJiajssiJtcfpffl-rsil^:^ ( 

m&^¥m^t)^mm. s 3 2 ) . 'j^rj:<t hmut^m 
3 n tcmm^ tc^-^t, ^ r wriasgp?: ihiie 3 -a- •& 0153 

(MWlffl«ft 0 d b V. z . mnS^ffl«ft 0 n x. 

y, z) ^^t-SSSPlHl^j^^^m (1i[^=J>:7"7 
-rT>:?;«)fm^gP. S3 2, S3 4, S 3 4 a . MW 
l««ft^5£SIJ. l^nS¥*i«^9l5eSP. S 1 00*^6 S 

1 0 8 *s j;c>'s 2 0 0 s 2 0 6 ) . tdiei^^sn/c 

>7-7-Yr>;^«l<m^gP. 3 3 8, 34 0. i^iEa« 

s^teg • ^gcwgB) . fc<fco'fifa»iE3tifcsaj© 

fig • «^(cs-:Jt,^rBti§ap# hcom 1 *5cfc{>'il2 © 

MSJ (10. 12, 14. 18, 20R(L)) €r^{4 
3-a-6Mgp^f4^l5 (a^ ';' h^M^^r^-'U (+4^-7f- 

C 0 2 6 7 ] ffrSaSgP&g • ^^<»iE*©«. fiij 

iB9iS 3 tifcSMm^micm-^i. » r mrsajssisofegfc j: 
.=^.*^ir^*-e(D£^sfc>occi5]fK-r-5>cfc^(c, HuiBas 

[026 8] 3e.K:. fjiacisJ^--' htCHI^iCfpffl-rS^ 

^J5:^*-^>h (JcOiEfiltCti-t-y > hljg^PQpL * 
Flact +PQ2 *F2act +Mlact +M2act). S/c{JmfiBP 
sKi- KcSli^«:{'^ffl-rSdfej*S;t)©*-y> h (pqi * 

Flact +PQ2 *F2act +Mlact +M2act ) If hmtZSi^ 
CCfPffl-r-5)*S;'3*--y > (^aact +M2act)*M»L 
rf#fc*-^> h (Mfl f2act=PQl * Flact + 
PQ2 *F2act ) ©t^-rtldi^r^tUL. ^i>?C< 6^>B?riBSt 

fi ( 0 d b V. z ) *iJi^-rssgp^stiM^s#® (^ 

^3>7'^'rT>;^ll!lfP^SS|5. 334, 334a. M 

mmm.nmi's.m>. s i oo*^e>s i o s. 3200*^6 

3 2 0 6) ^dx. friBSgP&g • «i5<iiE#l3«, m 

le^^s nfc^ESi5Pi5fifccfct>'BuiBi?iS3 intd»mm.<ic 
»^i«^r«flriBSgi5<D(4g*jj:i>v$fc»«^%jgiE-rs 

[0 269] ifc. Hfl^iB^)a^]S:^^©Sli''^•5^->ic#^]^ 

Mdmd) H5iaSgPlHlKSi?i^^g:*iJ:0'/S 

fc«HrJiasgi5i^«isg«i>£^^®«. ii^Aj:< tfcgriBftitus 
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0'/$ tcimmm^m^t ■5.(534. S34a. 
S100 3!ii6S108. S200*>6S206)Aa<«l 

C 0 2 7 0 ] 3Efc> HfilB^^Sjt*««^J5RJS:^*-^ 
>h*. ii>^^< t^>HuiBP*';' h©i«#{BS (0 e r r 
X. y) «:»-:5Cir5ftii?>S <S 2 8. S30a)ifl<1t 
fS,Ltc. 

[0 2 7 n $/c. H>rie^^^{tM«^ms^*-y 

rz, d 0 e r r z/d t ) «:a-5(,>t:*i{)-S (S 2 
8. S3 0 a) j:^icmfS.btCo 

[0 2 7 2] s/c. miEmm^mtmm.±m^t}^'^ 

»-:Jt,»r*af).S (S 2 8. S3 0 a) *B<1«^bfc. 

[0 2 7 3] itc, m^5^mi^mimm.±mi^t)^-^ 

>h (ffl«:^)^JS;^Mdmd) ©*<D^S©(jR55' (Md 
md z ) i&^S)fc«^®ja^fC^Sf -Scfc ^{C^fiSO 

[0 27 4] sfc. Bfriesasiig • «^iiiiE^^«. m 

[0 2 7 5] HfriBSgPliliKS^i^^KteiO'/^ 

^^i^-rS (3 3 4, S34a. S100*>6S10 
8, 32 0 0;)^6S2 0 6) Jp<t«^Uit, 
[0 27 6] *fc. ^f>^j:< <fc^>Si* (±i*2 4) t. m 

nEmmcm i ©m® do, 12, l4R(L))*/^ 

0-caM3ni.iit(c. -e<D$fe»c||2(DMg5 (18. 
2OR (L) ) */M/ra^g$n-5SgP (S¥2 2R 
(L) ) ?r«^fc«|^* (2*) OWSP (Wg|5';>i' 
2) *^6%.5W^^«ja^lt f- 1 ©SflU^gfCfcc^r. 

( = @SZMP) ) *'P>Aj:2,t5BBasK-? KD^^^r^fiS 

-rsi^^5fe)S^@ i^^^iim. s 1 0/0^6 s 2 2 . s 

2 4) . HUlBP^-:' [■CO'^m'ii-m^t<Dtc^(Dmm±f^f^ 

-^m-tinm^m imtmrnmrnmn-^. s3o. s 

3 0 a ) , mt^^mc{'^m-ri>mm.Kti m^^w-mis. 

4. m&&^mm:^^mm. S3 2) . fuiass^s© 

(e«*S:^J^iBS. S3 4. 3 34 a. S 1 0 0*^6 
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SI 04. 32 00*^65 2 0 2) . H>riB^5>K3nfca 

j5:^«:«-:Jc^rSiriB@«^^S©SSi5<D(4g*j Jro'/S fc 
t*5g^*<i|EiE-r^<i$iE^S (M^3>:77-<T>^!Wf^ 
£»i^g|J. 336*^ 6338. ffl««^Sg|5, mi^^m. 

AiJl^iESSS^&g^^fftBgll) , tecfcO'HuiB(»iE3 

mi *J<fc 0^112 ©Mffi ( 1 0. 12. 14. 18. 2 0 

10 R (L) ) ^^mmr^m^^m^m^m. (d^j^u' f 
{^^^-77-^ ^y^mnu) . ^{4=j>ha 

-7. 340. 3 42) *(ixSiO<«i^Lfc, 
[0 277] */c. frfa^iE^©«. HViePsK-;' h©^ 
^{S^CcS^l ^ r mff B@«^^©Jggp©fiiS*i J: iy^/S 

[027 8 ]!^. ±iBb/cm 1 ^CC^lxl?3©j|SS©?fJ.?l 

20 (c. *©pra{ciB(SL.r(,».5ss«taM^©t>©«ii©.'^. 

[0 27 9] -g-©^s^^t«i^wT{i:?ij^-r'5, mn^ 

iiwa*i«c/d:^*s. JS^(cj:-5-c«. S^^IHlES-i+r 

. i*st?*s. fflu. i<»-rn©:)^iC-cA-^T*). s^iiiig 
f 'Cv*©^ttlflS|:3&J:^a!i^(C)5: 6 )5ct,> J: ^ (Cffig-T .So 

30 [ 0 2 8 0 ] 1 ) > h 

m^<Df}fS.^iph, #ii«*-y>h***3-iffc<b* 
«cil#S¥J*ig:^4''Cx.'S*^ * ^ # fig^^s!) . c n ^ 
flSiESS#JS¥J«S;^4''Cs'i?.<i:Pf^, fit/. fl*iES«# 
S¥)*S:^f'CsHStt. ^©KPa{CiS5tL/rCi€.SfiSia 

t)^'\:^!^, s fc«-g-© ■s©ifi^^iiiis*'C^'SK f ^ , 
[0 28 1] #^2 ) m^L-ci^^^s-mmmmmo^mm 

'^'Cv=^.**i*. €-©*.Sfc»^©*Jfifil*|5|364''C\^.(c 

■r.s.„ 

40 [ 0 2 8 2 ] ^^3 ) m&&w-m^i)^hm^&w-m^ 
-e©,"^* fcw-€-©.';&ia^*@K4i'i:»'^. 

[0 2 8 3] #ffi4 ) 1 3 fcptf fc^MlsllK* 

'i:^#.MfiS-?» @Mss¥)^s;^«'i:^,^.^c £-©rt 6 a^© 
[ 0 2 8 4 ] 1^. ±iBtc*ji>r . s^mmmmmiDK^^ 

50 [0 285] *fc. ilBOfcm 1 tj:l,iLm3<Dmm<Dm 
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2 1 4 2 6 0-^-caigO/c±(*SI3jJi^*fi6«:ffil,>r|| 

7'}i'icX:t}Lx:i>M.i.\ 

[0286] ass¥(is • mmmMii^micii^iEri> 

[0 28 7] ttc. ±iZOtcm 1 !5:l»OSr3©||Sg®Ji$ 

MWfflftftedb v*iJ:0'SJ5E^li(Kft(9nx, 9 
[0 28 8 ] mWmiCU, •■^(DJZ^K.. ±«:<Dffl|S4<B^ 20 

■Cf#6n/cMWIi«^ 0 d b V K. ;^^©A 0 d b v ^ 

m/c^>©45Jc*-CW«Hi«ft 0 d b vi-rS. 

A 0 dbv = -(0 errx * Vx + 0 errv * W ) 
[0 28 9 ] B!ia©SJS^fi|«ft^*S-Cf#6nfc» 
lS¥Xti«ft0 1x. »2S^XliBffift0 2x*>6-e 

ti^tie e r r x^?K^fc^>tD?:?{C4!:)rm 1 S¥X1i« 

ne 1 X, m2s^xffl«ft0 2 x<bf 
[0290] mm(>c&s.w-mm.n^yjm-cmfi>tifcm 30 

lJS^YIiB«ft0 1 y. ll2JS^Yffl(8ft0 2y*>6-e 

tl^tie e r r y ^^K^i^c tCD^BjjsOrH 1 S¥Yli« 
^0 1y. m2S¥Yffl(Rft0 2 yi-r^. f^. 

[0 2 9 1 ] Syc> ±feL//c||l )il-^L»3CDllSS©Jf5 

0 f f d b v»^r-«>^l<^o BP%. 

[0 29 2 ] $/c, iieufcii 1 rj:{,^um3<Dmm<Dm 
mi^w-xmmm^mmne r r i x«^-e4>fti^ hp 

[0 29 3 ] Sfc. ±niLtcmi^J:<,^Um3<Dmm<Dm 

oii/jns*iMd m d «c«?^r AiT < -rn-sts-^A^*^. 

[0 294] ^a8L/)5:l^^M1^9iL<D^fb(c5ft-r-S.avN'x 



ii#ig^ 10-277969 
42 

m<Dmmitkmu. cmi-'jUicL •c^mmm^^i& 

[0 2 9 5] l5SS^*S;'3*^e>J£^©«td!t«JI§ 

«a*?:Tif r y > I- ©^^*«i»i-r s i' . us 

[0296] * /c. ±121/ /cll 1 JiC^ urns ©||)!iS©ff$ 
[0 2 9 7 ] ^©t ±f*&g • ^^(c^tT^S^ 

V hi; 5, i7>^©j^T?*3sr5js»i'3t^r>$irt:w^ma? 

jl^©«liffia;i<-;; h>ii-c4>^<ffit»<E>n-S^iSr-* 
H«iE©^ffi*sfiex.«:i,^iS^r^« c©^ffij&e.«. 
^^iama^cc^fes c <!: A^r* 

[0 2 9 8] */c, iiec/cSl !'d:t,^OII3©SISS©ffJ 
m*Jt^r. tfta^«3 2 (teJ;o'S^5itt(*3 4) a 
*«c©^ig©*@gIi^r«)tcL>. c©^l§©*s«7 

*>©-c*s. 

[0 29 9] */c. ilBLfcH 1 bll3©||Sg©?^ 

©^ffi^JfJ^urfemt,^. 

[0 30 0] ±iei/;rcis 1 ^cc^usi3©|lSi©0 
(C5j?«!!), '€-n*5^io±©*)-S*{cf'Pffl-rS*-^> h 

iSii:ws*Df3©fiS^^i^tir«-c$>S!S6«. -e© 
•■i'^SJci^r as z M p £ 0 -c 4>^o^ 

[0 30 1 ] * fc. :*:ffllSA». #53^5 - 3 3 7 8 4 

^ - >© z M p i ss^)5Rjs:^(t>4:»*{c-rn?r* c s -a- 

[0302] Sfc. C©^?g?r2S*tfOsK-y hCCIigo 
rSJB^Or^/cAs, 2S^tfa4<--' h{C|iBP>T. ^Wo 

[0 30 3] 

[ mmn^ ] W*^ i ^(c * r « . a d<" 
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C 0 3 0 4 ] Bp-i^ . i^imfj: ^ fa 0 -^sMM/cWTft < . 

C 0 3 0 5 ] W^^Bbai? lo 

tftis^si*. mfm(Dy(. V rf^T. b->%iw±-r s c t 

«i^?:iSM-r s c i A^-e^ 

[0 3 0 6 ] if*^2JI(CA-:>rW> i»*:Slii<!;ISJtt 
[0 3 0 7 ] «5}?^3 5{C*or«. it*^! 31 <tlHl« 

^{c$iKai-r5c<bAi-t?*5. 20 

CO 3 0 8 } i«*^4S{c*or«. if3}<]liffli[5Hi 
C 0 3 0 9 ] Wm 5 :^(C* T». 1 ^lil^^ 

[0 3 1 0 ] i«*:«6«Jc*>-5r«. B«sBtfcilaI«o 

c <b *sr'^ ^ <!: j^(c, mm^mtmt}^ 
{0311] tmm7mic$>-oxit. muLfctmmo 30 

[0312] i«*«8JlK*-c-C»> BMieU/ciplli© 
[0313] fi*:« 9 ^(c* -o r mMLtctWim(D 40 

[0 3 1 4] 0m*-3r». HttlBUfcil^fil 

©('Pffl5^*^ff C <b *5-C ^ S i ^tcc. P h Kf'pffl 

•r < *ijiaj-r c t *s-c* -5. 

[03 15111*^1 i:««c*o-c{i. m^Ltctmm 
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[0316] iftst?:^ 1 2m*>or«. 1 

{b<Dfc»cD J: 0 i^^tjim.7tts t J: OiUCi^iflsia^ftS c 
[0317] mmmi 3aK:*or«. i«*^i 2iMi 

mm(oimnm^m s c t t e t «(c , n tj? ^ h ic 

[^ieofew^siiBj] 

[01 ] c(Dm^icmi>m^mu4('j boymm^^ 

[0 2 ] 0 1 K.9jk-r 2 S^tf a 4^' h (DSg|5®tii»^/T^ 
[03] 01{t:i^■r2S^^fa^K•> KD®I®JLr.-y KD 

[04] c<D^mtfC%?,m^&ti7^^ y b<Dmmmm<D 
[H 5 ] 0 1 t^fntm^Wiu -^^ y h i)wm^m7-r?> 
[06] 05©asj,/-t^j->(c^tiK-r-5.a^^fRjs;tF4' 

[ 0 7 ] 0 5 ©s«I^^• * - > {c*f js-r -5 s«^ms:^ * 

[08] 0 5©af^l>'^•^->(C^?t{c;T■5^^©^ff^•« 

[09] 05©as^)/^•if->{c^^f^c;-r^B^^©^fr^^^ 

[0 1 0 ] 04 ilBl^fC. C©«H^{C^?,W^»!jn;J< 

h©SIJtai^g©S!lf^?:^j^-r-7n- • - h-C*S„ 
[01 1 ] 01 07O— - h©rt©PIWffl«ft>5: 
t'©SI#Ma*tf^. 04{c^n^«^3>:;^^'fT>>^ 
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